).
a-Crystallin is a multimenic aggregate, composed of the products of two genes, aA and aB, which are located on different chromosomes (Quax-Jeuken et al., 1985) . Recent studies demonstrate that the tissue specificities of aA and aB are completely different. aA-Crystallin expression seems restricted to lens, as determined both in culture (Chepelinsky et al., 1985; Okazaki et al., 1985) and in transgenic mice (Ovenbeek et al., 1985) . aB-Crystalhin expression, however,
has recently been reported in extra-lenticular tissues (Bhat and Nagineni, 1989; Dubin et al., 1989; Iwaki et al., 1989; Duguid et al., 1988 (Iwaki et al., 1989) . The functions of aB-crystallin in cells of such diverse tissues are unknown. One strategy that may reveal clues as to possible functions is to determine the specific cellular localization of this protein in non-lens tissues.
In this study, we examined the cellular distribution of aB-cnystallin by immunohistochemistry. Rather than being widely distributed in many ongans, the expression appears restricted to highly specialized cells.
In general, the distribution correlates well with high levels of oxidative function.
Materials and Methods

Materials.
A rabbit polyclonal anti-aB-crystallin antibody was raised against aB-crystallin purified from rat cardiac muscle and was affinitypurified (Iwaki et al., 1989 For the study of rat placentae, pregnant rats were sacrificed by dislocation of the neck and both embryos and placentac were quickly removed.
The discoidal placenrae were cut in halfand fixed with the 4% paraformaldehyde solution overnight. Fixed tissues were sequentially equilibrated with 10% sucrose in PBS for 4 hr, 15% sucrose in PBS for 4 hr. 20% sucrose in PBS overnight, and were frozen in an acetone/dry-ice bath. Six-to fourteen-micrometer sections were cut with a cryostat ( -20'C), mounted on gelatin-coated slides, and air-dried.
Immunohistochemistry.
Staining was carried out by the indirect immunoperoxidase method (Nakane and Pierce, 1967 were consecutively cut and mounted on gelatin-coated slides. Two sets of serial sections were stained with immunohistochemistry using the anti-aB-crystallin antibody and the anti-myoglobin antiserum (12#{174}in a diluent).
Next, consecutive sections were stained by the myosin ATPase method, pH 9.4 (Round et xi., 1980)and by the NADH-tetrazolium reductase(diphosphopyridine nucleotide diaphorase) reaction (Farber et al., 1956a,b) , which was modifled as follows: the sections were incubated in 10 mg of nitroblue tetrazohum and 8 mg of NADH in 10 ml of 0.2 M Tris buffer, pH 7.4, for 30 mm at 37'C.
Results
The affinity-purified antibody used in this study showed a high degree ofspecificity for aB-cnystallin on the immunoblot after twodimensional electrophoresis ( Figure  1 ). The distribution of aB-crystallin in adult female rats is sum-C, 
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Skeletal Muscles
Cross-sections ofgastrocnemius muscle showed a heterogeneous mosaledistribution of positive muscle fibers. The distribution of aBcrystallin in each fascicle was examined relative to the muscle fiber classification determined by the myosin ATPase method and the NADH-tetrazolium neductase reaction ( Figure  4) . All of the aerobic (type 1) fibers and about half of the anaerobic (type 2) fibers
were positive for aB-crystallin ( Figure  3d ).
Peripheral Nerves
Sciatic nerves and trigeminal nerves were examined. Schwann cells of these nerves showed diffuse cytoplasmic positive reactions (Figure 3e) . Axons, myelin, endoneunial fibroblasts, and penineunial cells were negative.
In the tnigeminal ganglion, neither ganglion cells non satellite cells were stained.
Central Nervous System
Astrocytes in optic nerves were positive, especially cell processes near the subpial glial limitans ( Figure  3f ). Positive cells were also seen in cerebrum, cerebellum, and brainstem. Most ofthe positive cells were located in white matter and displayed small round profiles with a few thin processes ( Figures  3g and 3h ). By morphological criteria, the majority ofthese appeared to be oligodendrocytes. However, further studies with glial cell markers are required for definitive identification.
Some subpial astrocytes in cerebral hemispheres and brainstem showed weak positive reactions, but Bergman glia in the cerebellum were not stained. We did not find any neuronal populations in hemispheres, brainstem, or cerebellum that reacted with the antibody.
Kidney
To facilitate the description of the localization patterns in the rat kidney, the following terminology will be used: zone 1, cortex; zone 2, outer stripe of outer medulla; zone 3, inner stripe of outer medulla; and zone 4, inner medulla. The rat kidney has only a single papilla, zone 4. The majority of the thick ascending limbs of Henle begin abruptly at the junction of zones 3 and 4. The contex (zone 1) and the outer stripe ofthe outer medulla (zone 2) interdigitate in a saw-tooth fashion. The predominant elements in zone 1 are glomeruli and proximal and distal convoluted tubules.
The outer stripe (zone 2) is a conspicuous zone in rat and mouse.
This zone 2 contains no glomeruli and is made up principally of the pars recta of the proximal convoluted tubules with welldelineated brush borders. The zonal structures in rat kidney are illustrated in Figure  5 and a detailed distribution of aB-cnystallin in the various zones is presented in l#{224}ble 3 and Figure  5 .
Uterus and Placenta
There was no positive reaction in the uterus at the early proliferative phase. However, the maternal portion of the placenta, which is derived from the stromal cells of the endometnium and is descnibed as the decidua basalis, showed a positive reaction ( Figure   6 ). In particular, strong positive reactions were seen in the decidual ton et al., 1986; Moscona and Unset, 1983; Clayton et al., 1979) .
In The localization patterns in skeletal muscle and kidney appear to be similar to those of some oxidative enzymes.
We have also carned out histochemical staining for NADH-tetrazolium reductase in peripheral nerves, heart, and placenta. All aB-crystallin-positive cells in those tissues also showed strong reactions for NADH-tetrazohum reductase (unpublished data). Furthermore, the pattern of expression of aB-crystallin in reactive astrocytes seems to be consistent with the striking increase in oxidative enzyme activity in neactive astrocytes (Fniede, 1962) . Therefore, the distribution of aBcrystalhin-positive cells in extra-lenticular tissues appears to be related to high levels of oxidative enzyme activities, with the exception of liver, which did not contain detectable aB-crystallin despite its active metabolism. It is possible that aB-crystallin is an enzyme on a co-factor for enzymes involved in oxidative activity.
In fact, sevenal other crystallin species (taxon-specific crystallins) have recently been found to be enzymes or to be related to enzymes of common metabolic pathways (Hendniks et al., 1988; Wistow et al., 1987 Wistow et al., , 1988 , 1982) and to a schistosome egg antigen (Nene et al., 1986 ). a-Crystallin has also been shown to have trypsininhibitor activity (Sharma et al., 1987; 'The and Ortwerth, 1982) .
Such activity has been postulated to be potentially useful for a parasite egg antigen and also in heat shock, 
